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GLOBAL WATER RESEARCH COALITION

GLOBAL COOPERATION FOR THE GENERATION OF WATER KNOWLEDGE

GWRC 1s a non-profit organization that serves as a collaborative mechanism for water
research. The henefits that the GWRC offers its members are water research information
and knowledge. The Coalition focuses on water supply and wastewater issucs and renewable

water resources: the urban water cvcle.

The members of the GWRC are: the Awwil Research Foundation (US), CRC Water Quality and
Treatment (Austratia), FAWAG (Switzerland), KIWA (Netherlands), Suer Environment- CIRSEE
{France), Stoawwa - Foundation for Applied Water Rescarch (Netherlands), DVGW -~ TZW Water
Technology Cemer (Germany), UK Water Industry Rescarch (UK), Venlia- Anjou Recherché
{Frapce). Water Fnvironment Research Foundation (US), Water Research Comimission (South

Africa), WateReuse Foundation (UIS), and the Water Services Association of Australia.

These organizations have national rescarch programs addressing different parts of the water
cycle. They provide the impetus, credibility, and funding for the GWRC. Each member brings
a unigue set of skills and knowledee to the Coalition. Through its member orgamizations

GWRCO represents the interests and needs of 300 million consumers,

GWRC was afficially formed in April 2002 with the signing of a partnership agreement at
the International Water Association jrd World Water Congress in Melbourne, A partnership
agreement was signed with the VS, Environmental Protection Agency in July 2003, GWRC is

aftilinted with the [ternational Water Association (IWA)
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DISCLAIMER

GWRC members jointly funded this study. GWRC and its members assurne no responsibi-
lity for the content of the research study reperted in this publication or for the opinion or
statements of fact expressed in the report. The mention of trade names for commmercial pro-
ducts does not represent ar imply the approval or endorsement of GWRC and its members.

This report is presented solely for informational purposes.
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EXECUTIVE SUMMARY

The past ten vears have seen a lot of developments in membrane biorcactor (MBR) technology.
Much of the rescarch activities that were carried out, aimed at application of the technology
in fullscale wastewater wreatment. This has resulted in the realisation of some 75 fullscale
installations world wide, with a wide range of treatment capacitics.

Due to the growing interest in MBR, the members of the Global Water Research Coalition
(GWRC) selected MBR as a priority area in the GWRE's rescarch agenda. The Board of Directors
of the GWRC initiated & project with the aim of reviewing the present knowledge of MBR and
to organisc a workshop to develop a phased research strategy.

The opening of the MBR at Varsseveld wwip (The Netherlands) was seized by the GWRC to
prepare a state of science report with regard to MBR. [n a two-day workshiop the current state
of science and the member activities were discussed and used o identify future research

needs.

Within the GWRC miembership and associated orgzanisations a vast amount of knowledyge
and know-how 1s available. The exchange of kinowledge and experience with design and ope-
ration of MBR installations is however rather limited and can be enhanced by setting up a
Knowledge Base. This knowledge Base can be used to develop a Decision Support Tool, which

enables decision-makers to make a fair comparison of different available techniques

Among the most important rescarch topics, eftluent quality and membrane fouling come out
as first priority.

Fouling is regarded as & major problem in MBR. Operational strategies to cope with fouling
problems are primarily empirical, and scientific knowledge on underlving processes s lac-
king. Membrane fouling is dependent en many variables and can e minimised by optimum
design and good operation, appropriate pre-treatment and cleaning strategies. There are seri-

ous questions as to whether the current operating window is it an optlimum.

Innovative water cycle concepts including MBR technology are likely 1o broaden the applica-
tion range of the technology. A furecast of the global status and possibilities and limitation
of MER as part of the urban water cyvele could give guidance to further development of this
technology. Existing ideas and projects like nanofiltration MBR and anacrobic MBR should be

evaluared and further investigated.

Based on the ourcome of the workshop. foeur project themes were defined:

developnient of an MBR knowledge base for municipal wastewater treatment;

deciston Support Teol for municipal MBR wechnology choice

effluent guality of MBRs:

scenario studies 20300 Idemification of {uture concepts of wastewater manugement with in-

novative MBR techuologies.
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INTRODUCTION

1.1 BACKGROUND

The development of membrane bioreactor (MBR) technology has made major steps in the
past ten years. As a vesult of this, the field of application has broadened towards the munici-
pal wastewater treatment sector, To date, about 75 [ullscale installations (with a capacity of
more than 100 m¥/day) for the treatment of municipal wastewalter are in operation or under
construction worldwide.

In conjunction with this development there has been a lot of research activity in the fleld of
MBR technology. The Board of Directors of the Global Water Research Coalition (GWRC) de-
termined this technelogy to be of priority for collaborative research and decided to conduct
a project with the aim Lo:

- determine the current state of the science in the field of MBR:

- develop a phased research strategy represented by priority research projects.

STOWA, the Dutch organisation co-ordinating the rescarch activities on behalf of the Dutch
Water Authorities, was as GWRC member assigned with the lead of the project. Witteveen+Bos
Consulting Engineers was contracted to prepare a State of the Science report with regard to
MER technology. The State of the Science report was sent around to the GWRC members and
served as a basis for the Workshop which was held in Doctinchemn/Arnhem, April 26/27 with
representatives of GWRC members and invited experts. This warkshep report summarises the

presentations and findings of the MBR Research Strategy Workshop.

1.2 OBJECTIVE AND APPROACH OF THE WORKSHOP
The objective of the workshop was 1o present the current state of knowledge on MER for mu-
nicipal wastewater treatment and to identify knowledge gaps and rescarch needs in this fleld.

Based on the knowledge gaps and missing links, a rescarch strategy was developed and a set

of project propaosals for joint actions was devised.
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1.3 THE WORKSHOP
The first day of the workshop was dedicated to the determination and discussion of the cur-
rent State of the Science with regard te MBR. The draft version of the report was presented
and subsequently discussed aceording to the identified research topics.
Fach participant introduced the research activities of the organisation they weve represen-
ting. In the afternoon session the results were sumnuarised in a “knowledge map’. Based on
this list of issues, the second day was used to specify knowledge gaps and research needs. Four

major research topics were selected and addressed in preliminary project proposais.
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2

CURRENT KNOWLEDGE ON MBR

2.1 INTRODUCTION
As first step to develop the GWRC research strategy on Membrane Bioreactors the current sta-
1e of knowledge was discussed and existing knowledge gaps were identified, Building blocks
in this process were the GWRC report State of the Science on MBR (GWRC 2005), the information
presented at the International MBR Symposiun in Varsseveld (April 2005) and the presentati-
ons of the member activities during the warkshop. In the following paragraphs both the pre-
sentations and the input from the discussinns are summarised. As final result the knowledge

niap on MBR (“what do we know and what not”} is presented,

2.2. CURRENT ACTIVITIES BY PARTICIPANTS
Each of the participants presented the relevant research activity of the organisation they

were representing,

2.2.1, RESEARCH CONSORTIA AMEDEUS/EUROMBRA - LESJEAN /1055

Two consortia of European research institutes submitted a proposal for the 3™ Call of the
6'" Framework Programme Priority Global Changes and Sustainable Development. The two
projects turned out to be complementary for the greater part. Therefore both proposals were
sclected and asked to be rewritten in order to omit overlapping activities,

The AMEDEUS consortium focuses on 'the Aceeleration of Membrane Development for Urban
Sewage Purification’. One of the aims is [ostering development of competilive European MER-
filtration technologies to secure MBR market shares. The overall objective of EUROMDRA is
to develop a costeffective, sustainable solution for new. efficient and advanced municipal
wastewater freatnient based on MBR technelogy. This will be achieved through u multi-face-
ted, concerted and cohesive research programme explicitly linking key limiting phenomena
(fouling, clogging) observed and quantified on the micre- meso and macroscale, Figure 2.1

iHustrates the scales of investigation and the involvement of the two research consortia.
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The two consortia together consist of 28 institutes, consisting of universities. R&D centres.,

end-users and SME's (small to medium enterprises).

KIWA WATER RESEARCH - CORNELISSEN

KIWA Warer Rescarch carries out rescarch for the drinking water companies in the
Netherlunds. In the field of membrane technology there is a lot of experience in the study
of fouling phenomena (biofouling, particulate fouling, organic fouling and scaling). Further
expertise is 10 the ficld of integrity. Another ropic is the removal capacity of membranes for

different micro pollutants, Curvently rhere is renewed interest in ceramic membranes.

TECHNOLOGIE ZENTRUM WASSER (TZW) - LIPP

TZW iy an independent non-profit organisation tor drinking waterselated research. T7ZW is
part of the German Technical and Scientific Association for Gas and Water. The nussion of the
TZW is wansterring science to the water industry. Among working fields are analytical che-
mistry, wicrobiology and membrane technology, Within the filed of membrane technology,
membrane fouling and cleaning of ultrafiliration systems are investigated with lah-scale and

pilet units.

KOMPETENZZENTRUM WASSER BERLIN - LUCK/LESJEAN

KompetenzZentrum Wasser Berlin (KWB) - Luck/Lesjean: The Berlin Centre of Competence
for Water is & public/private owned R&D centre between the city of Berhn, the Berliner
Wasserbetriebe and the Water Company Veolia. Carrent activities in the field of MBR com-
prise advanced biological nutrients removal and the development of small scale MHRs for
communities it are not yet connected to the sewer] A demaonsiration project with EU-LIFE
subsidy iy being carried out with a MBR plant with a capacity of 250 p.c. KWB will co-ordinate

the Furopean prigect AMEDEUS dedicared to MBR developmient.

EAWAG - JOSS

EAWAG 15 the Swiss Lederal Tostitute for Environmental Science and Technolowy. Fawag's

task ay the mirional research center for water pollution control s to ensure that:

- concepts and technologies pertaining to the use of natural waters are continuously
improved:

- eeological, economical and social water interests are brought into line,
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Multidisciplinary teams of specialists in the fields of Environmental Engineering, Natural
and Social Sciences jointly develop solutions to environmenta) problems. The acquired know-
ledge and know-how is transmitted nationally and internationally by publications, lectures,
teaching, and consulting to the private and public sector.

The environmental engineering division of EAWAG works on current and future aspects

of urban hydrology, wastewater and drinking water treatment, as well as water pollution

control, Together with the division urban water management (UWM) the goal is. to develop
sustainable concepts of the water and nutrient cycle in urban settlements.

EAWAG is operating a membrane bioreactor pilot {100 population equivalent) since 10th July

2001. The following aspects are approached:

- design, modelling and operation of biological N and P removal at different sludge ages
{15, 30 and 60 days);

- optimisation of the operation and chemical cleaning of the membrane medules;
comparing the operation of 3 standard modules operated in parallel (Kubota, Mitsubishi
and Zenon):

- assessment of the micro-pollutant removal capacity and comparison with the conven-

tional activated sludge process with sedimentation (EU project POSEIDON).

THAMES WATER/UKWIR - PEARCE/GERMAIN

The activitics on MBR by UK Water Industry Research {UKWIR) were presented at the MBR
symposium preceding the workshop and are presented in Appendix V. UKWIR fadilitates col-
laborative research for UK water operators. UKWIR'S inembers comprise 24 water and se-
werage undertakers in Engiand and Wales, Scotland and Northern [reland. The ebjectives of
the organisation are to:

- identify rescarch regquirements to meet the water industry's strategic business needs:

- procure the research competitively;

- work with the water industry's regulatoers;

- provide value for money for the contributors;

- transfer the research outputy to contributors.

Thames Water recently completed a four year research programme, locking at control of

short term fouling on hollow fibre membranes by studying biclogical and physical effects.

WRF/WERF- ADHAM

The Water Reuse Foundation co-ordinates the majority of the water reuse research in the US.
Warer Environment Research Federation covers a broad range of research fields in wastewa-
ter treatment. Several research projects on MBR are carrted out, many of them with regard
to reuse applications. Emerging pollutants of concert are endocrine disrupting comipounds,
pharmaceutical active compounds and personal care products. One of the WERE activities is a
yearly publication of review articles on waslewater treatment, The MBR articles are discussed
in the GWRC State of Science report (GWRC, 2005).

WATER AUTHORITY DWR - DE KORTE

The Water Authority DWR (s responsible for surface water quality and wastewater with the

Water Board Amnstel, Gooi en Vecht in the Netherlands. In the year 2001 DWR started a MBR
pilot project ar the wwip Hilversum. The pilot installation is equipped with Kubota membra-
nes and has heen in operation for more than 4 years. To date, the design of a full scale MBER

treatment plant is being made and the commissioning of the plant is dated start 2008.
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WATERBOARD RIJN EN IJSSEL - SCHYNS

The Waterboatd Rijn en IJssel has recently commissioned the MBR demonstration plant
at Varsseveld. This praject serves as a demonstration for the other water boards to obtain
experiences with larger scale MBR in the specific Dutch situation. Te this aim a broad sceped
research programme is heing carrted out together with TNO, Delft University of Technology
and Wetsus.

2.2.10 STOWA — UIJTERLINDE

STOWA 1s the organisation co-ordinating the research activitics from the Water Beards in
the Netherlands, and is therefore invelved in the project of the Waterboard Rijn en 1Jssel.
Furthermore, STOWA co-urdinated pilot plant trials at the wastewater treatment plants of
Beverwijk, Maasbommel and Leeuwarden. The Leeuwarden project is especially of interest
since the MBR iy vreating wwip effluent. The developing bicmass is for example very efficient

in removing 17e-cthinylestradiol.

2.3 STATE OF THE SCIENCE

2.3.1

During the past 5 years a ot of research activity was carried out in the field of MBR techno-
logy. The GWRC-report State of the Science o MBR (GWRC 2003} presents an overview of the
research activities ot the past 5 years.

Ranging from purely scientific lab-scale work to full scale operational optimisation studies,
the vange of rescarch topics covers almast all disciplines i wastewater treatment and mem-
brane technolowy. To tocus the GWRC review, samne 130 scientific papers were selected with
respect to the retevance for the development af full scale MBRs for municipal wastewater

tredtinent.

FOULING

Fouling. its comrol and prevention and memibrane cleaning are by far the most investigated
topics in MBR research. Since the membrane separation step can not he hy-passed and failure
leads to zero-production it forms tlie bottleneck of the MBR process.

There have been several approaches to cope with fouling in MBR. These approaches can be

divided in two groups:

Optimrsation of the existing process via operational measures.
Quite impertant in this field is the pre-treatment of the systeni. Due 1o the configuration of
the membrane modules larger particles, hairs and fibres tend to accumulate within the mem-

brane tank and cause a loss of available permeation area and interfere with the sludge flow.

Scientific research into foulmg wicchanmons, fouling substances and thewy o

The major fouling mechanisms in MBR are cake layer formation and adsorption to the mem-
brane surtace. the latter resulting in a reduction of the available permeation urca. Cake layer
formation can usually be controlled by the continuous cnarse bubble membrane aeration.
Adsorption is regarded a function of the total produced volume and can be addressed by the
maintenince cleaning.

Hydraulic and concenuation peaks in the mfluent turn out to be difficult 1o handle tor an
MBR. [n those cases whoere storm weather has to be treated, the effects of a storm weather
event are experienced as a sudden drop in permeability of the systemnt.

With regard to the substances that are involved i membrane [ouling, determining the

fraction of the mixed liquor, responsible for membrane fouling made a step forward. This
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fraction consists of cell fragments, macromolecules and bacterial cells, which are able to

form aggregates when concentrated at the membrane surface,

The general feeling about fouling studies is summarised in observing that although a lot of
rescearch effort was put into membrane fouling. definite answers are not yet found. It must be
remarked that much of the research work was not or only to a limited extent, co-ordinated.,
A global coordination of MBR research is desirable. The regular exchange via scientific confe-

rences is not enough, Too many researches are merely repeating former work.

This last fact brings in another question, concerning the use of pilot plant research. Several
experiences show that problems during pilot scale research are nor occurring in fullscale
application, and vice versa. This raises the question whether pilot plant research is the appro-

priate means to further facilitate MBR application.

EFFLUENT QUALITY

The high obtainable effluent quality is the most frequently menrioned advantage of the MBR
technique. Both in scientific literature and by vendors. Originally it was hypothesised that the
uncoupling of Solids Retention Time and Hydraulic Retention Time would lead to growth of
microbial species thar would for example be washed out in a conventional secondary clarifier.

Although a significant change in population was observed, the occurring degradation proces-

/ Costs

= gqual o1 more expensive in inveslment

X pRNSIYE IN operalion

¢ chances [or reduction?

results - Fouling resulis - Efl
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ses were net different from those encountered in conventional activated sludge (CAS] systems.

Furthermore. practical considerations have led ro the application of conventional SRTs.

SOLIDS/COLLOIDS REMOVAL

The most significant advantage of MBR is materialised by the fact that the membrane pro-
duces an effluent that is particle free. With respect to its disinfecting capacity, different and
sometimes contradictory results exist. Generally it can be said that MBR effluent complies
with the Furopean bathing water guidelines in terms of hygienic safetv. The strong point of
MDBR in terms of effluent quality is its ability to remove all suspended. colloidal matter and
pollutants bound to this fraction.

The conclusion of these considerations was formulated as follows:

“With respect to effluent quality oniy when disinfection is compulsory, MBR has « real advantage.

in other cases the differences are smaller and o convential activated siudge system is o betior option.”

There were great expectarions of the almost 'magic’ interaction between membranes and
activated sludge, supposedly leading to extremely high effluent quality. This turns out to be
beside the truth and some ditferentiations can be made:

- in cases wheye low Nitrogen an Phosphorus concentrations must be reached, the
membiane prevents washing out of sludge fragments. thus ensuring 4 constant effluent
quality:

< dtis fmportant to realise that & comparison of MBR with a conventional activated shidge
system (CAS) system should not he made, since MEBR is meant ay an upgrading of the CAS.
Therefore comparing MBR 1o CAS plus other (tertiary) treatment steps should assess the
merits of MBR. If this is done, MBR will be competitive sooner;

- oncofthe strong points of MBR in terms of cAluent quality is the stability. Bulking sludge
docs not necessarily lead to a decrease in etfluent quality, because of the membrane. Thus,
alrhough rhe absolure effluent quality may not be significant higher, it is definitely more

stable.

EDC/MICRO POLLUTANTS

A current tepic of major concern is the reioval of Endocrine Disrupting Compounds (EDC).
MBR was expected to show high remaoval efficiencies for these substances as well as other pri-
oTity substances iy indicared by the Furopean Water Framework Directive. Recent researches
and measurement cunpaigns have slightly chianged the view on this subject. Apart from dif-
ficulties m nwasuring EDC, A iy supposed that MBR can remove these compounds only to a
limited extent. Other compounds. like pesticides, show removal efficiencies similar to thase
in conventional activated sludge systems. Until now it is unknown in which fraction these
substances occur in the wastewater. Based on the analyses it seems likely that these substan-

ces are primarity in soluble forn Le. sinaller than the membrane pore size.

Resulrs of recent measuvements indicate that MBR is not readly appropriate to remove micro

pollutants,

ENERGY/COST ISSUES

The amount of cnerzy that is consumed per unit velume of effluent is relativety high for
MBR and lies in the range of 1.5 - 2.5 kWhim® although lower values are reported in litera-
tire. For conventional activated sludge systems the energy requirements are in the range 1.0-
1.2 KWhim', Inihis case it s again a matter of definition: where are the system boundaries, is

the effluent quality the same for both systems, ete.

10
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Some steps are made with respect 1o decreasing energy demand of the MBR system.
Intermittent aeration of the membrane modules, double deck configuration {plate and frame
membranes) and reducing the MLSS concentration have contributed to an overall decrease

in energy consumption.

The operational costs of an MBR are related to the energy demand of the system. Although
they are closely related, it seems useful to make a strict separation between energy issues and

[GHEPRISE

Cost issues must be divided in capital cost and operational cost. The capital cost for MBR are

high. because of the membranes and the equipment needed to operate the membranes,

i1
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The cost minimisation of the MBR system will be closely related to optimisation of the
hydraulic performance. Optimisation of the hydraulic performance includes: higher apera-

tional permeate fluxes (lower installed membrane surface) and beter fouling control.

SLUDGE/WASTE HANDLING

The problems and solutions concerning waste activated sludge treatment are varying per
country. In Germany there are good experiences with the dewaterability of the waste sludge
from MBRs. In the Buropean situation it is not regarded a real scientific research topic. In
the USA however. there is a great concern about this topic. since there is a totally different
view nn the treatment of biosolids. In the Netherlands, waste activated sludge ts uhtimately
incinerated and may not he used as fertiliser. In the USA, there is a trend towards reuse of
these substances, which makes it necessary to aveid the presence of e.g. heavy metals and

organic micro pollutants.

CONCLUDING REMARKS RESEARCH TOPICS STATE OF SCIENCE

The ranking of the research topics. as obtained by darabase analysis, literature review and
guestionnaire all result in the same topics for the first and sccond place: Membrane fouling
and Effluent quality

For the third place there is a difference between the results from the questionnaire and the
other methods. The questionniire caune out with sludge treatment as the third important
rescarch topic, The others with energyicost issues.

It can be remarked that depending on the region and the country, the ranking of these topics
may differ.

Reduced footpring and superior eftluent gquality {enabling reuse} are the mamn drivers for
application ol MBR.

12
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2.4 KNOWLEOGE MAP ON MBR
With the information of the state of the science report a knowledge map on MBR can be desig-

FIGURE 2.1

ned. This is done with a prioritised list. covering the relevant topics. This is done in six points

(see Figure 2.1), each item is shortly characierised by relevant keywords and processes,

1

PRIOAITISED RESEARCH TOPICS TH MBR, AS IDENTIFIED DURING THE WORKSHOP

Effluent Quality b |

Activated Sludge process [ 2. Fouling & Cleaning

Solids/Colloids separation
EDCs, Micropollutants

Aclivated sludge characleristics
Physical Chemical Interactions sludge «— membrane
Physics and Chemistry of cleaning

4 Pretreatment
3. Deslgn & Operation l
Activated Sludge design
Energy Consumptian 4. Innovative Concepts
Pre-treatment Anaerobic MBR
Screenings, Sludge handling/disposal . Nanofiltration MBR
Scale Issues Membrane aeration MER
Membrane Characteristics, life time T
Retrofit/Hybrid configurations
v 5. Tools
- Modelling AS, Computational Fluid Dynamics
6. Present and Future drivers for Monitoring
MBR application Process control
Effluent quality Simple sludge retention methods
Footprint Dimensioning (based on experience and risk
Sustainability assessment)
Life cycle Analysis Certified tesling facility
Cost Influent quality
Public acceptance Standard Methodology/Terminology
Knowledge base to support operation and design

13
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RESEARCH STRATEGY

3.1 FROM KNOWLEDGE GAPS TO RESEARCH NEEDS

3.1.1

31.2

Based on the state of the science, the input of expert judgement and the workshop, know-

ledge gaps were idenufied which were translated to research needs to address these gaps.

The majer topics are:

- effluent quality: what iv the olyective performance of MBR and added value 1o existing
technology,

- how to avoid andfor control membrane fouling:

- define the opumal design criteria and operational condition: what are the lessons 1o be
learned from experiences worldwide?

- the development of tools to support the exchange of MBR knowledge and know-how and
to answer the question "When. where and why to use MBR™;

- what will be the role, henefits and limitations of MBR in future concepts tor the urban
water cycle and which techinelogical innovations and developments can enhance future

MBR applications.

Taking into account the ongemg research activities as part of the EQ framework research
progrant and within the GWRO membership, four of the identified rescarch needs were pro-

cessed to project proposals.

EFFLUENT QUALITY

There iy some discussion abour the role of humics and the extent to which they determine
tatal phosphorus effluent concemtrations. In a broader perspective it is until now unknown
what the exact pertormance of an MBR is. with respect to the advanced remwoval of pathogens
fespecially viruses), orgamc and inorganic micre pollutants. EDC, pharmaceuticals and nu-

Irients.

MEMBRANE FOULING & CLEANING

Memibrane fouling and cleamng is identified as deserving careful attention of researchers in

ordey to enable stable long-terim operation. Several connected 1ssues must be addressed:

- amore definite determination of the operating window for MBR. it is not yet clear wheth-
erwe reached a border. or how far we are remaoved from the borders of "goed operation’;

- confiZuration issues. What )s the strength of hollow fibre system against plate and frame
system? Or what is the advantage of one plate and frame system to the other?

- which influent characteristic(s) determine the applicability of MBR?

- which activated siudge characteristic(s) determine its filterability. In other words, with

which parameters cin the membrane filtration step be optirnised?

These research topics are comprehensively cavered within the Burepean research proposals
EUROMBRA and AMEDEUS.

14



MAR FCR MUNITTPAL WASTEWATER TREATMENT

3.1.3 TOOLS

KNOWLEDGE BASE
There is a need for a Knowledge Base on MBR practice. It should net be merely a database, but

should enable its users to learn from success mistakes and failures of existing installations.

The advantage of the knowledge base is that it has a larger life time than 4 ‘normal’ database,

and that it can be updated once every two or three years, and not necessarily continuously.

Furthermore it may promote further product development by manufacturers. Its primary

users will be end users considering the design of an MBR.

DECISION SUPPORT TOOL
For a good comparison and assessment of different options, a decision support tool (DST)

should be developed. The DST should comprise the following elements:

effluent quality;

footprint;

investmentjoperational cost; whole life costf de-investment options;
euse of operation;

personnel;

retrofitting;

life Cycle Analysis,

reliability;

15



3.1.4

3.1.5

3.1.6

MEBR FOR MUK[C{PAL WASTEWATER TREATHENT

- AlZC TANECAL
centratisedDecentralised system;
public acceptance;
upgradabilityflexibility;

residuals trearment: screenings, waste studge, chemicals.

DESIGN/OPERATIONAL ISSUES

Preareatment was dentificd s the most important issue with regard o designfoperation.
There wre some differences in approach when USA is comparud to for ¢xample Europe, in
the LSA the pretreatment is usually designed with characteristde size of 2-3 mm, whereas in
Lurope the common practice is less than 1 mm. This issue doves not necessarily need scientific

research, but careful atrention in the design.

MODELLING/PROCESS CONTROL
This important issue is covered by the activities described under 3.1.3. and is also included in

Furapean rescarch proposals as mentioned in 2.2.1.

INNOVATIVE CONCEPTS

Apart from being a one step process, MBR can also be regarded as part of a total water treat-
ment system, Fither in the form of hybnd configurations, or in combination with othey tech-
nigques, many innovative concepts are thinkable. Some work has been done on Nanofiltration
MEBR. Other imnovative ideas will have 1o be identified or maybe gencrated 1o expand the

application field of MBR.

16
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3.2 PROJECTS PROPOSED

3.2.1

3.2.2

3.2.3

3.2.4

The four selected research proposals are shortly described; the research proposal forms are

included in Appendix V.

DECISION SUPPORT TOOL FOR MUNICIPAL MBR TECHNOLOGY CHOICE

MBR is an emerging new technology without clearly defined application boundaries compa-
red with conventional technologies: MBR advaniages are low footprint, disinfected and solids
free effluent; disadvantages are energy requirement, cost, and process complexity. Up to date
this technology choice for municipal applications was mainly driven by noncommercial con-
siderations, No standard procedure for technology selecton is currently available.

For an optimal use of the Knowledge Base and the Decision Support Tool there must be agree-
ment on the use of terminology. A standardised set of terms and metheds will have to be

prepared. This will be part of the European projects.

DEVELOPMENT OF AN MBR KNOWLEDGE BASE FOR MUNICIPAL WASYEWAYER TREATMENT
Due to its perceived advantages, within the past decade there have becn many MBRs installed.
Much of the information and lessons learned that was obtained with these installations has
not been published or otherwise comrnunicated. The web site database on MBR developed by
WERF provides some information in this regard. However, detailed informatien that can be
provided by global end users is not available. This type of information should be included in
the knowledge base that will be developed.

The structure of the knowledge base of microfiltration installations, developed by AwwaRF,
provides a good basis for further development. Ultimately, the information in the knowledge

base can be used as input for newly to be developed Decision Support Tool,

EFFLUENT QUALITY OF MBRS

Claims on MBRs effluent quality are often overestimated. Facts are required for a rational
comparison with the conventional activated sludge process for the treatment of rnunicipal
wastewater. Clear data are required in terins of advanced removal of nutrients, disinfection

(bacteria and viruses) and elimination of micro pollutants.

IDENTIFICATION OF INNOVAYIVE CONCEPTS FOR FUTURE MBR SYSTEMS

MBR technology has almost reached marurity and the status of proven technology. Footprint
reduction, disinfected effluent and overall stable effiuent quality are among the main drivers
for its current application level. Nevertheless, further developinent of the technology is still
needed to expand the potential application of MBRs. In addition, the sanitation approacb is
developing towards decentralised applications with closed loops of water, energy and nu-
trients recovery {“Ecosan concepts”). Novel MBR technologics may be very appropriate for the
implementation of these new concepts or to improve the treatnent performance of current
MBR processes (e.g. trace organics), such as nanofiltration-MBR, anaerobic MBR, ceramic MBR,

membrane steration bioreactor, membrane biofilin reactor, elc.

17
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CONCLUSIONS AND FOLLOW UP

One of the goals of the project was the exchange and review of existing knowledge and know-
how within the GWRC membership and associated organisations. Based on the received feed-
back it can be concluded that the combination of the Internatinnal Symposium, the research
strategy workshop as well as the field visit were very supportive to successfully achieve this

goal.

Within this fruitful and constructive atmosphere the major knowledge gaps were identified
and research needs to address the priority gaps were discussed.

As part of the developed research strategy four priority project proposals were agreed on:

- effluent quality of MBR (EAWAGH:

- development of a MBR Knowledge Base for municipal wastewater treatment (STOWA),

- decision Support Tool for municipal MBR technolegy choices (KWRB - ARj;

- scenario study regarding MBR in 2030 (UKWIR),

With respect 1o the identified research needs on "Membrane Fouling and Cleaning™ and
“Issues regarding Modelling and process Control” the GWRC members that are participating

in the EU projects will secure the exchange of information and overall co-ordination.

It was decided that for cach of the project proposals one organisation {indicated in brackets
above) would take the lead to elaborate in conjunction with the other workshop participants
the proposaly developed during the workshaop.

The Board of the Directors of the GWRC will discuss and finally decide about the cellaborative

projects that will be excouted within the framework of the MBR research strategy

18
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e
(.-‘ Global Water
=)

Research Coalition
N

Global Water Research Coalition

MBR Research Planning Workshop

The Netherlands
April 25-27, 2005

PROGRAM (final)
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Participants
Adriano Joss

Boris Lesjean
Francis Luck
Pia Lipp
Sven Lyko

Pete Pearce

Eve Germain
Samer Adham
Emile Cornelissen
Kees de Korte

Philip Schyns

Cora Uijterlinde

Frans Schuiting

Arjen van Niguwenhuizen
Herman Evenblij

Peter de jong
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Swiss Federal Institute for Environmental

Science and Technology

KompetenzZentrum Wasser Berlin GmbH  KWB
KompetenzZentrum Wasser Berlin GmbH KWB

DVGW Water Technology Center
RWTH Aachen University, Dept. of
Chemical Engineering

Thames Water - UKWIR

Thames Water - UKWIR

MWH - Water Reuse Foundation
Kiwa Water Research

Dienst Waterbeheer en Riolering
Amsterdam

Waterboard Rijn en Ijssel

Foundation of Water Research

Globai Water Research Coalition
Witteveen +Bos consulting engineers
Witteveen +Bos consulting engineers
Witteveen +Bos consulting engineers

21N
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EAWAG  Switzerland
Germany
Germany
TZW Germany
RWTH Germany
Thames UK
Thames UK
MWH UsA
KIWA NL
DWR NL
WRIJ NL
STOWA  NL
GWRC NL
wW+B NL
W4+B NL
W4+B NL

Global Water
Research Coalition
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sm-a— Walerschap E Rijn en IJssel (//ﬂ/'

WATIRBEHEER: YEILIG EN OFF MAAT

Monp April : WWTP V veld, Viakkeew 7 H Varsseval

PROGRAM

9.00 Welcome reception/registration

9.30 Welcome and introduction by the chairman
drs. Cor Roos (Waterboard Rijn and Ilssel)

9.45 MBR Varsseveld; Dutch demonstration of innovation
ir. Philip Schyns (Waterboard Rijn and [Jssel)
ir. Helle van der Roest (DHV)

10.10 Experience with the MBR Technology at Erftverband [Erft Association] -
from MBR Rodingen (3.000 p.e.) to MBR Nordkanal (80.000 p.e.)
dipl. ing. Norbert Engelhardt (Erftverband)

10.35 COFFEE AND TEABREAK

11.05 Japanese experiences with MBR in Waste Water Treatment
Dr. Takao Murakami (Japan Sewage Works Agency}

11,30 MBRin UK perspective
Pate Pearce (Tharmes Water)

11.55 LUNCH

13.10 MBR in perspective of the USA
Dr. Samer Adham (Montgomery Watson)

13.35 MBR Schilde up and running: 1,5 year of research and operational experience
ir. Wouter de Wilde {Aquafin)

14.00 COFFEE AND TEABREAK

14.30 Results of Dutch MBR research
ir. Cora Uijterlinde (STOWA, Foundation for applied Water Research)

14,55 Are we heading in the right direction?
MBR - The state of the science anno 2005
dr.ir. Arjen van Nieuwenhuijzen (Witteveen + Bos}

15.20 <Closing official program

-
AR™. Global Water
nva w wu Research Coalition
Nedurlondie Varrniging vaor Watechshear -
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9:00

9:05

9.45

10.30

11.00

12:30

13.30

14.30

15.00

16.30

19.00
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e
A Global Water
‘-" Research Coalition
NV

STATE OF THE SCIENCE

Welcome
Cora Uijterlinde, STOWA

Overview of GWRC and its Methodology for Research Planning
Description of Workshop Goals and Ohjectives
Frans Schulting, GWRC

Introduction workshop day 2
Workshop leader Peter de Jong, consultant

Presentation of Literature Review - State of Science (2005)
Herman Evenblij, consultant

REFRESHMENT BREAK

Overview and Status of MBR research of GWRC members
(ongoing and planned research activities)

= KWB ( representive AMEDEUS) - Boris Lesjean/Francis Luck
=  TZW - Pia Lipp

* Kiwa - Emile Cornelissen

=  EAWAG - Adriano Joss (representive EUROMBRA)

= US {WRF/WERF) - Samer Adham

=  RWTH - Sven Lyko

= DWR - Kees de Korte

LUNCH

Discussion Literature Review by GWRC members

Departure to MBR Varsseveld

Excursion to the MBR varsseveld Philip Schyns

Drive back to Arnhemn

Dinner



9.00

10.30

11.00

12:30
13.30
15.00
16.00
16.30

17.00

17.30

MBR FOR MLINICIPAL WASTEWATER TREATMENT

N
A=y
po 1

KNOWLEDGE GAPS

Introduction workshop day 3
Arjen van Nieuwenhuijzen/Frans Schulting

Summarising Knowledge Gaps
Arjen van Nieuwenhuijzen/Frans Schulting

Group discussion

¢ Knowledge Gaps,

e Future Research Needs

e Projects of Mutual Interest
REFRESHMENT BREAK

Priority Issues Future Research Needs
Start with preparing project proposals {(in breakout groups)
LUNCH

Writing project proposals
Presentation of project proposals
REFRESHMENT BREAK

Receive Final Input, Discuss Next Steps and Action Items

Workshop Summary & Closing Remarks
Caora Uijterlinde and Frans Schulting

Adjourn - Dinner at your own

Global Water
Research Coalition
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Global Water Research Coalition

Workshop MBR

Varseveld, 25-27 Apnil, 2005

Just to think about ...

» The ability to learn Dutch is closely
related to the ability to cope with the
pain felt when actually trying to speak it

» Goedemorgen => Good mormning
« Liemersweg in Doetinchem => this
place

@& =

Global Water Research Coalition
+ Network organisabion of waler research organisalions

» Waler supply, sanitation, waslewaler treatment and
waler reuse

« Malto:

Global cooperation for the generation of
walor knowledge

a8 =

Global Water Research Coalition

« Awwa Research Foundation initiative
+ CRC WQT, UKWIR, TZW and WHC-SA support

+ Fact founding mission in 2001
+ Formal start in Melbourne on 10 Apnl 2002

+ Niauwegein «> 2005 - 2010

@ =

GWRC Objectives

» Exchange of nformaton and knowiedge

+ Development of research strategies for global issues

+ Coordination of joint research efforts

+ Up to date Water Knowledge Database

@& =

28

GWRC Benefits

* Leverage for each organisation of expertise and
funding

» Prevention of duplicaton and replicatien of research

» Diferent view angles and approaches!

» Knowledge Management on a giobal level

o =
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The GWRC Founder Members

* Awwa RF « Kiwa

= WERAF « STCAWA

= WHF « UK WIR

= Anjou Aecherche (Veolia) = CRAC WOT
» CIRSEE {Suez) * WSAA

¢ TIW « WHAC -8A
- EAWAG

* GWRL panner: US Eavironmental Protection Agency (July 2003)

Centers for Disease Control and Prevention (2005)
*» Urban water cycle (water supply. sanilation, wastewater treatmeni)
» Coordination of rescarch programs at a (inter) national level

Way of Working GWRC staff

+ Network Organisation

+ Small staff — large resources

Way of Working Board of Directors

Network Organisation

Small staff — large resources

Contributions by the members

IWA aftiliale
~ supporl services
— Iink with specialis! groups

+ Governance by Board of Directors
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Research Agenda

Waler Quality

~ Algal loxins

- Origin and late of water-pome pathogens
Emerging Hazards (EDC. PhAC, NOMA, . )
Water Cuality in Distribution Systems
Asgsel Management
Membrane Fiftration — Dnnking Water
Wastewaler Treaiment - MBR
Walter Reusa
Water Concepts of the Future

.

.

-

—_—

Research Activities
+ GWRC research agenda based on memDers needs

« Rasearch sirategy for priorily lssues
~ Raview of sxisting knowiedge snd activities
- ge gaps ang newds =

p sbout
map ol knowisdge
~ Portiolio of resssrch profects

+  Tallor made project leams with one member as lead agent
» Sharing the results within tha GWRC

+  Knowiedge transfer 10 staxchoiders by the members

G ——

WWT - Membrane Bioreactors

+ Lead Agent: STOWA

+ Participating members: EAWAG, Kiwa, TZW, UKWIA.
WHFAWERF and WHB (Anjou)

+ Remole Input: CAC WOT ani: WRC-SA

Membrane Bioreactors — Wasiewater
Treatment

+ Background documents
- Survey of memoers actvities (February-March 2005)
~ Stale of the Science (STOWA dra Apdl 2005)

+ Workshop MBR (April 2005}
— Exchanga of Knowledge
- idenlity knowledge gaps and research needs
~ Project praposals of joint aclivities

+ Follow up
~ Workshop repon
- Research siralegy and profily projects => Board

G =

Workshop MBR

» Day 1 - Exchange of knowledge
- Regional perspecives
- Duich axperienco - Varseveld

» Day 2 - Knowledge gaps and research needs
— Stale of the Science
- Views of tha GWRC memoers
~ Selection of priofity istues
~ Fiald visat
- AC Milan - PSY Endnoven

+ Day 3 - Project Proposals
~ Deveiopmant of project propasals
= Feflow up, actions and assignmenis

&
!

Giobal Waler Research Coalition

Sharing the power of knowledge!

30
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APPENDIX ITI

PRESENTATION DRAFT STATE
OF SCIENCE REPORT

31




MER FOR MUNILIFAL WASTEWATER TREAIMENT

antation’s ob
Witteveen

MBR - State of the Science
anno 2005

results sults - Fouling

1. Hydraulic Issues: Flux,

=
[
— Wimevesn By —— Wateveen Boa _—_FH—H

]I'l

results - Fouling results - Fouling

=7 years of (pilot) research
- focusing on fouling -
did not lead to the answers!

How many vears wil

T —
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results - Sludge handling resulls - Sludge handling

R Sludae handling

results - ellaneous [—
Resenrch Caal wlft&veen

VT reingg MBR - State of the Science
f . anno 2005

4. Achvaled Sludge characienslics -

5 Operational 15

e __—,F'-H
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APPENDIX IV

PRESENTATIONS OF RESEARCH ACTIVITIES
BY WORKSHOP PARTICIPANTS

- RESEARCH CONSORTIA EUROMBRA/AMEDEUS (EU)
- TIW/DVGW (D)

- UKWIR/THAMES WATER {UK)

- WRF/WERF (USA)
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S "\

1 b
AMEDELS
Accelerate Membrane Development for Urban Sewage Purification

EUROMBRA
Membrane bioreactor lechnology with an EU perspective for advance
municipal wastewater reatnent strategies for the 21¥ century

3 Call of the 6* Lramework Programme
Prioitty Global (Changes and Sustanable Deyvelopment ,.il-‘ﬂ
{J

K.OMHTIN’?EY TP A
Mo ser b

Strategic objectives

Develop sustainable solutions for new, efficient
and cost-effective advanced wastewater
. treatment technologies for municipal wastewater
| based on membrane bioreactor technology.

+  Industoal,
Fanter development of compentive Furopean MBR-Tiliranes
technologies to secure MBR masket shares

» Technological:
Increase competitiveness and reliabihty of MBR techniques
n comparison with conventianal processes

*  Lnvitonmental:
Broaden a lgh-lech process 1o common practice in
environmental enginecnng

Facis

v Call dedicated to MBR developmem for municipal applications

= Aimilo foster MBR technology advances. competiveness.,
acceptance and apphcanon in EU

o Al sizes (decentralised 10 large wale)
+ new plants / refurbishing
+  Tundamental + apphied R&D
» Cluster of 28 Eurepean and inlermanconal pariners
» Xyear R&D Progects. 10 be started in October 2005
Budget of ca. € 10 mulhon. incl. € 6 mullion contribution

The two consortia

AMEDELS KUROMBRA

1 miversithe T1 Berton Cormany ST Vrondbrim, Notway

NI Sy Amsuradoa Cramtuhd Ve UK

KR Amteen Cormany
| THET Lo, Porugad
NSA Toudonae. Frame

Ut Moiempuiver 14 Frascx
| TU Dot Neheriatds
U Fromea July

i Ve Kowamdy Nzl Dt

The scales of investigation

_ Microscale  Mesoscale Macroscale

tundamental R&D applisd ALD

micrascopic structure commarcisl aspects

maleculas lorces market econamy
BRA AL
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R&D crmivn RAWE, et lin. Gormany U Toch Sydmry Asgrdey
ST Bedguam NSO THE. Navhwrl i
| Toumenade o TAWAL Sworerbas)
Faul-1 wors Adigons Fun burntat N e Friomoa WD Nefwrisdn
Agadm Helms Erftvotam. CGetmanm
NMEL | Bdvaem France

Mallemmampors 1K

Puree. Cooraucny
Iope. Loermimy Vhowd cmcepe. Usrmmay
Faws Parr  rech Re

Acting on all fields of MBR processes

— ——

il ‘\< .

Filtration maertad - N - omicle

Filation
Fosling conol
ling : syuem \
L {
/f' 2 . /
4 Inlcgratima 7
omts v
Eltectis s
/ i
{ [ : |
\ { Process - !
\ Sysiem inicgration - /
Operation Y Fag . /
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MBR FOR HUNICIPAL WASTEWATER TREATMENT

Towards tomarrow s Furopean MBR technologies

* 5 membrane / moedule producers
AXI M
Furon (HF)
Pulymem (111
Milleniumpore (lubg
Inge (mull-Channel)
... each of them developing a specilic concept of MER
system, ultmmately adapted 1o different sizes and condinons
» atextile research centre
Tecnoiessibe
*  aconstructor of small tum-key plants
I:nvi-Pur

Optimiasation of process configurations

= MBR with or without primary sedimentalion”

» Submerged modules externally or directly in aerated reactor?
» Dual MBRICAS for plant reurafining?

»  Tum-key standardised range of MBR/Mliration unis?

«  How o best lackle peaks? ihiology & filtravon)

» Integrated hydrodynamacs of membrane / biological system?

* Models as predicting 1ools + pilet- & large-scale validation

European standardisation / norralisation
ol MBR rechnology

Analyss of economucal interest and technical practcabibity

* lasung commerasl echnologies « povel techino!

= Standardeation of membyane / loubing fging chara ersation meiuods

> = White-paper = for EU-Commusaon and tenders in Furope
+ ininaton of EU-wide standardisation acns ity

fin hawon with Comgmiice 165 ol CEN « 2 nalonal standad Awarn

38

Fouling control through additives

+ Assumptions organic foaling occurs through collotds with
« impredictable « occustence
=> Additives for phywical-chemical removal
(Nocculents, adsorbents. enzymes. eic)
*  Strategies of fouling control & flux enhancement with
chemucal addinon with on-line organic foulant sensors
Daily pexics
Kain evenls
Seaonal peaks
» “Compact MBR™ low SR A low TIRT + on-line fouling
control

Process control

*  Advanced data acquisilion. supervision and control sysiem
for MHR
Remule advanced coatrol syulem (of small MBR plans
(oporaion dusgnoatics and slerts
Aglomatstion of reporungs and mamiensnce planning
Dynamsc lilwsuon conirol for larger plaats (Tussy-logx” spproach)
+ Opimised control straregy of infTuent xpli
tor MBRACAS m parallel

Clusterig activities

»  Progranune & results integrabon between 1wo projects
= Overall cost benefits analysis
* Dissenunation
* Technology ransfer workshops and project presentations
¢ Web-platform dedicaled 1o MER community
Updates on busth propct
I ussson [orum
Fveni datas haoe

Dt hase ol

ernalnonal sakehalkders

I rata b of Wit atare




WBR FOR MUNICIPAL WASTEWATER TREATMENT

DVGW:

German Technical and
Scientific Association
for Gas and Water

s Founded in 1858 as an independenl, non-profit
fechnical-scientlilc associatlon

= Mission: advance tha gas and water indusiry In both
tha 1echnical and technicak-sclentiflc context

s Members;
« 1,646 gas and waler ulililies
« 227 public authoriiles and crganizatlons
« 1,293 companles
+ 8,697 Individusl members

Water Technology Center (TZW)

= Indepandent, non-proill orgenization

= Misslen:
Transferring sclence 1o tha water industry
= Branches In Dreaden and Hamburg
= Financlel background
= 35 % research prowis by government, OVGW, EU
s 65 % joint resedrch projpcis with wathrworks {devslopmant ol

nuw technologias, naw anakytlcal memods, technical rules
+ na conpuranhy

DVGW - Areas of Work

Aegulsiion ana Sandardisation
({technlcs! rules, coopersilon with DIN)

Testng snd Certification (CE-Number, OIN-DVQW-cedtitlcals,
OYGW -centificaie, DVGW-gquaiity mark, DVGY-appioved
compeny, DYGW-msnagemen| ayslema, DVYGW-axperts}

RAessarch snd Development

Training
» DYGW-Forum: Nsllonwide events up-1o-date information
= DYQwW-Job-1raining: Jlob and lurther ireining
s DYGW-Raglonalk: Events orgenized by the DYQW-regional
groupa
Inlormaiion and Know-how tranaler

n TZW - part of the DVGW
Center for spplled weter research

Analytical Chemistry
Fate-siudies for organic micropollutants

= Lab-scale lesls lor simulation (he micsobial degradation al environmenial
concentration levels

= Lab-scale exporiments 10 study tha behavicr of inorganic and organic
compounds during oxidation processes (ozonation, AQP)

Lab-scale UV radiation expariments

= Lab-scale exporiments for the assessment of tha absorption capability of
organic compounds on activaled carbon

Formation of oxidation or disinlection by-products during walar treatment
processes

Column alution lesis for Ihe determinaticn of the relrase of organc
poliutants from waste materials

: I

Working Fields of the Water Technology Center

= Anslytical Cheamistry
= Technolegy
a Microblology

u Environmental Blolechnology
and Sita Managemant

s Groundwater and Sail
u Corroslon
» Malerlal Testing

o I

Analytical Chemlsiry

Research & Development
Developmorn and oplimisation of analytical methods for (he detarmination
of prganic micropoliulants in water {drug residues, x-ray contrast media,
stercidal hormones, aromalic suitonales, Synthetic complexing agents,
aliphatic amings. ...}
Mathods for Ihe analysis of pesticides and their metabolites

Cccurrence, analysis and assessmen! of drug residues and endocring
disrupling chemicals (EDC} in the water cycle

Development and lesting of on-ine techniques for the analysts of organic
micropoliuiants

Comparson of beid-based and laboralory-based expenments lor the study
of Ihe alimination efficiency of riverbank filration processes under different
emvitonmantal conditions

Lierature survays on chemical compounds (aromalic sulionates, syninalic
compiaxing agents....)
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— - I T
Technology

Research projects -
Membranes (1)

= Assessment of
novel UF and MF
membranes lor drinking
water ireaiment from
surface walers

» Objective:
Examination of backwashable spiral wound
membrane elemenis

= Funding:
German Minigiry of Educetion and Research

T T W
Technology

Research projecis -
Membranes {111}

= Test methods to determine
ihe performance of mem-
branes in laboratory scale

» Objective:
Scleniitic tool for cholce
ol membranes lor special
applications

= Funding:
Gorman Gas and
Waterworks Assoclation

i T

Pilat trial
wilh diflerent
UF-systems
1o decide on
1he {ype of
preireaiment

TMF, bar

Reservoir water

after direct filtration

Reservoir weter | Ul
befara direct fillration

Funded by
water supplier

40

T T
Technology

Research projects -
Membranes ()

s Long term behavior
of ultrsfitiration
mambranas

= Objecilve:
Oplimization of
backwash process
1o extend membrane life

= Funding:
German Gas and Waterworks Assaoclation

S

Technology

Research projects -
Membranes (V)

= Removat of aigae with
membranes willhoul toxin
release

= Objective:
Dalerminaiion of sultable
membrane systems and
oplimal operatlon conditlons

s Funding:
German Minlstry of Education
and Research

o
T T
UF-plants for public drinking water supply
180 500 - _
— Swrma nr L L e iy R+ 1
10000 -
= ="
E 1000 J
[ —
I ol A -
Fi
L3
L]
10+ o
planty in operation or In dasgn ‘
o gl sy - e e e R
nc I
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MBR FOR MUNICIPAL WASTEWATER TREATMEN]

Membrane Bioreactors A
UK perspective

Pete Pearce

Research and Development
Thames Water Utilities Ltd

~ |

UK Water Industry Organisation Wastewaler s
Waler
=

Presenters Perspective wenter

W Thames Waler utilities doés not operalo any MBRS

B Recently completed a lour year research programme. looking at
control of short lerm fouling on hollgw libte membranes (Zenon)
Dy Sludying biological (piemass) and physical {aeration) etiects

B AWM, a Thames Water Subsidiary company operate around 20
MBRs in the North Easl USA. Several ol these are 10 - 12 yeats
old and reprasent soma of the onginal Zenon designs

d The operation of these plants have been studied in some detail

" .

Scotiand, Water industry
ramams public. oporaled

Drivers for MBR Technalogy

Northern Irefand, o
¥ e
;ﬁf&ﬂz‘?mmm { ) 5 by Scottish Water bul
governmant function financed by PHis (prvate
¥ finance initidives)
P ’.I‘
—_fl-

)

England and Wales
Tén privatised water
__/companies since

1989
” |
UK Municipal ol £l
Immersed s e
Membrane MBA 347 [ -
installations 1o (g
end of 2005

0 Fial Shee: MBRSs
# Hollow hore MBRs

Thames
Water
ﬁcgzmh”m":;"r & Al UK; specific local
. iz e drivers for low lootprint
—investment in 4 plants and high quaity
waslewater reatment. 7 affuenis, asnacially for
coastal locations

substantial upgraces '
required. especially lor P 3¢
coastal discharge f

.

Soulh wes! England.
South and Mid Wales.

large numbaers of bathing
baachas requirng

= VWaler stressod

* rogion, possible re-
use and effluent
quality drivers due 10
low river flows

disinfection of effluants
™

|
M

42

UK Municipal MBR Installations 1o E

end of 2005 -

MRR Process Distribution by Size of Plant

20 -
18 +

|GI e

|I‘

12 | -

sl e .

5

4! .

2 .

o o .

KR vzs 255 Rt 1020
De sigr Fiow mid
W holiow Sove MBA1 B %at sheet MBRY

Number of installatons
=




MBR FOR HUNICIPAL WASTEWATER TREATMENT

MBR development in UK

Thames
Water
e
—

1095 ~ Wossax Water tie up with Kubota 10 investigale use ol

Kubotas flal sheet MBR system

1998 First Kubota system commissioned at Porlock STW (2 mid}

W 2000 Firs! larger Kubota system commissioned al Swanage (13 mid)

2000-2005 29 further Kubola sysiems instalied

2000 - 2005 tewer Zenon piants inslalied but tend 1o be larger
plants. Larges! operated by Sevem Tren! Waler al Buxion treats a
maximum fiow ol 17 mid was commissioned in 2004

Now four suppliers of MBRs. Zenon, Kubota (via COPA MBR),
Toray (2 plarts installed 10 date (Via Nastons) and Mitsubishi Rayon

UK munlcipal MBR Installations, Water
process drivers
MBR Process Distribution by Driver
9 y * °
_E )
7
25
£
4
3
£
21
]
0.1-1 1-2% 255 510 10-20
= _ Design fiow mla
W loo'print Wl disintection Ono! $tated / cther
n [ |
Main UK Research Centres For ater
MBRs =

& Cranfieid University — Hosts Diennial MBR conference. staned
wilh MBR1 in 1895 Applications, fouling, aeration,

B Bath University — fouling. cleaning. surface inleractions
B Imperial Coltego — anagrobic gas sparged MBR systams
B Several Waler PLCs have conducted own pilo! Irials wilh

holiow fibre and flal sheet syslems, 8 ouf of 10 now cperate al
least 1 MBR plan!

Operational Problems and Research ("'m'?.."l
Requirements

Foaming due 10 joad variations
on small plants and poot control
of biological process

Foaming and loss of flux dua 10
saling ingress on coastal skes

Fouling/clogging due to
inadequala screpning

High maintenance

fequirements, sase of
membrang removalhandling

-

Further optimisation of membrang
aeration 0 reduce operational
oost

Further optimisation of shor and
iong term louting control 1o reduce
operational cos! (manpower)

improved design of membrana

medules/matenals 10 penmil highed
flux o reduce captal cost

improved understanding of
bioogical interactions 1o reduce
fouling/loaming

-

Thames

Future Drivers ( Water )

B Footprini — especially at coaslal locations with low land avalability due &
amaoniy and lack of prior treatment (acilities. Also for compact plant o
allow endlosure 1o reduca nusance.

¥ Disinfection - especially a coastal locations discharging lo bathing waters,
Ofen more cost elective than construction of long outlalls

B High quality efluants - For strmgent discharge
surfaca waler of 1of groundwaler recharge.

requirements (o high quality

B EDC removal? Yet 1o bo studied in depth, Qur own inltial findings are that
MBRs give improved EOC removal though stil insufficient to meet
proposad largets 1of natural stercid cesirogens

® Re use? Proposals for community re-use have baen raised in South East

regicn but non@ have ya! been adopiad. Prassure 10 do 50 )s likely 10
increase as furthar growih ks targeted in the dries! regions of the UK

> B

MBRs offer the possibility of hiding sewage lroatment works — A

small community recycling plant in New England 3

43
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e T r ]
ese mombranes barely made their 5 |
iyear guarantes, How much of this was |
idue 10 poor pie lreatmen!? How can
'mergbrane lite be exiended?

Designs Havo Changed
substanlially since these firsl
Zenon installaions lrom the
oarly 1990's, underining the

need for angoing research and
development

44
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Samer Adham,

@ mwn

» Water Reuse Foundation

» Water Environment Research Foundation

» Background
«MBR Installations in US

« Past and Current MBR Research in US

*» MBR Research Needs

MB

Conventional

s

Visntre s

Membrane Biore
(MBH)

Superior quality of Reduced space
effluent water requirements

Increased Reduced sludge
automation disposal costs

Grealer versatility No Sludge bulking
problems

Higher capital and O&M costs
Membrane life?

Less economy of scale

More pre-screening of influent required
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Coretrs Basbeat of Foll gim B e P9 Paadatety B LY

P TreYe|

MBR Installations in the US

Cormfialive e By K -n)ef o+ remte: sutatabert ¥y
ol g $ P (e b W ey

Cumuistive Nurmbey of Municipal Full-scale MR irvialieon s i
us

§ .
s §
I :
j» !
E.

Tansm =
Faadptps Vonsa®

Cavmeartong § B w0 or grusior st oy

Cumuisdtes capaity Ior Municipal Full-ycele MBS
inglafationa in U S

+ 40,000 - 60,000 m3/d Traverse City, M|
« 25,000 - 60,000 m3/d Fulton County, GA
+ 130,000 m3/d King County, WA (planned 2010)

Cumulstive Capacity (K mYd)

Taar

Courtaioey Copaty B 4 ¥ =30 T G hasaa
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HER FOR MUNICIPAL WASTEWATER TREATMENT

5000 m3d ARAPAHOF GOVERNOR DUMMIER
INSTALLATION ACADEMY INSTALLATION
2000 m3 d. M/

Current Status of
Research in (

» Water Reuse Foundation (WRF)
» Water Environment Research Foundation (WERF)

+ Bureau of Reclamation (B of R)
» National Water Research Institute (NWRI)

' » American Watler Works Research Foundation (AwwaRF)
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MAR FOR MUNICIPAL WASTEWATER TRIATMENT

Honolulu MBR Pilot Study (Ongoing)
Dr Roger Babcock (Uni of Hawai

Side-hy side pilot demonsiration
Five leading manufacturers
I'hree waste sireams
Comprehensive analyvucal testing

Epgimeermg and operaton mamtenance analyscs

Honouliuli Wastewater Plant: Pilot Test Site

48

WERFE

WERF Projec

+ Membrane Bioreactors: Feasibility and Use in Water
Reclamation

» Membrane Tachnology: An Innovative Alternative in
WW Treatment

« A Novel Membrane Process for Autotrophic
Denitrification

s Membrane Technology: Feasibility of Solid/Liquid
Seperatian in WW treatment

+ Effects of Biosolids Properties on MBRs and Solid
Processing

= Membrane Technology: Pilot Studies of Membrane-
Aerated Bioreactors

+ Membrane Treatment of Secondary WW effluents for
Subsequent Use

* Memhrane Bioreactors for Anaerobic Treatment of
Wasltewalers
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MER TOR MUNICIPAL WASTOWATER TREATMENT

Database Tools are
Through W

i . Emerging Pollutants of Concern
Document Library.....

« EDCs - endocrine disrupting compounds
* PhACs -~ pharmaceutically active compounds

+ PCPs - personal care products

Detected Hormones (Autumn)

Bof R

50
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Detected Personal Care Products

(Autumn) *» MBRs are gaining momentum in the US with over 35
installations in municipal sector

~ Small footprint, effluent quality, and ability to retrofit
— existing WW trealment plants are key drivers
T » Significant research has and continues to be done in
the US on MBR process evaluation and optimization.
More globally coordinated research is still needed to

enhance the feasihility of the technolagy.

« Improving the Economics and Reliability of MBRs
for Municipal WW Treatment and Reuse.

= Membrane Fouling: Causes and Salutions.

Research Needs

= Decision Support Systems for Satellite vs Regional
Treatment for Reuse Systems.

* Davelop Large-Scale/Pilot Level Demo “Platform”
for Testing Emerging Technologies.

« Development of Fouling Resistant Membrane for
Cos! Effective and Selective Removal of EDC/PACs
from WW,

* Fouling Mechanisms and Control. + Fouling Mechanisms and Control.

» Optimize MBR for high-level Phosphorous removal « Characterization of Microbiology and Impact of

Operating Parameters on Membrane System Performance.
« Evaluate anaerobic MBR systems ket ¥ d

+ Evaluate unique advantages of new MBR suppliers ) De.mgn s Opaciasion! Faruieics. Joc Mambiane
Optimization.

» Optimization of MBR for EDC/PPCPs removal « Design, Practice and Considerations for MBR

Ratrofit.

= Applicability of MBR for Industrial Anaerobic

Treatment.

» Evaluate the feasibility of using NF in MBRs
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APPENDIX V

SUMMARY WORKSHOP DAY 1
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Identified research gaps / needs Identified research gaps / needs

EFFLUENT QUALITY FOULIN

* ah

— Vimdveon:Bos f"

Identified research gaps / needs Identified research gaps / needs
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Identified r Identified research gaps / needs

TOOLS CECISION ANALYSIS MBR

Identified research gaps / needs Quantum leap issues on MBR
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MBR FOR MUNICIPAL WASTEWATER TREATMENT

APPENDIX VI

DRAFT RESEARCH PROPOSALS
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GWRC Workshop Membrane Bioreactors

25 - 27 April 2005

RESEARCH PROPOSAL (DRAFT)

Project Title:

Decislon Support Yool for municipal MBR technology choice

Name of Proposer &
Affiliation:

GWRC {Pete Pearce, Thames Water)

Collaborators:

Estimated Total Cost
of Research (Euro)

2005 2006 2007 Beyond Total

100000 €

Background:

Justification:
MBR 1s an emerging new technology without clearly defined application
houndaries compared with conventional technologies: MBR advantages are
low footprint, disinfected and solids free effluent; disadvantages are energy
reguirement, cost, and process complexity., Up to date this technoiogy choice
for municipal applications was mainly driven by non commercial
considerations,
No standard procedure for technofogy selection i1s currently available.

Consequences if
work not carried
out:

In absence of an integrated decision support tool, approval for future
installations will normally be based on subjective critena, without thorough
performance and economical considerations.

Benefits to be
achieved:

- Political

- Economic

- Technical

Transparent and rational assessment procedure for technology selection
Cost effective process selection including all relevant cost issues

Allow the selection of appropriate technology according to the local
requirements

58




MBR FOR MUMICIPAL WASTEWAILR TREATMENT

Aiming to achieve:

Specific questions
answered:

Objectives:

Pevelop a general evaluation procedure to allow the comparison of MBR with
conventional and alternative technologies on a cost/performance basis for a
broad spectrum of local conditions and requirements

Is MBR the best process choice for a given application.

Tasks set for
contractor:

Benchmark the costs and performance of MBRs against conventional
solutions. Integrate the benchmarking results into a guideline to be used by
decision makers.

Deliverables:

Completion date to
maximise benefits:

Simple decision tree based on technically boundary criteria to evaluate
whether detailed investigations are required for considering MBR.

In case of no evident choice basis, possible alternatives are to be outlined in
terms of cost, energy footprint, personnel requirement, flexibility, sludge
production and performance.

End 2006

Target audience for
the output?

Which groups
should receive any
reports resulting
from this work?

Should the output
be submitted for
independent peer
review to add
authority to the
work?

Designers and decision makers, water industry end users

Utiiities, consultants, research institutes

By a European and an American consultants
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GWRC Workshop Membrane Bioreactors

25 - 27 April 2005

RESEARCH PROPOSAL (DRAFT)

Project Title:

Development of an MBR hnowledge base for municipal wastewater treatment

Namae of Proposer &
Affiliation:

Cora Uifterlinde (STOWA)

Collaborators:

2005 2006 2007 Beyond Total
Estimated Total Cost 200,000 200,000 400,000
of Research {(Euro)
Yearly update 25,000

Background:

Justification:
Due to its perceived advantages, within the past decade there have been
many MBRs installed. Much of the information and lessons learned that was
obtained with these installations has not been published or otherwise
communicated. The website database on MBR, developed by WERF, provides
some information in this regard, but not the detailed information of global
end users which 1s aimed at with this knowledge base.
The structure of the knowledge base an MF, developed by AwwaRF, should
provide a good basis for further development.

Consequences if
work not carried
out:

Repeated mistakes, operationa! failures. Limitation of developments.

Benefits to be
achieved:

- Political

- Economic

- Technical

Speed up of technology; product improvement. Input for decision makers.

1t provides a platform for an objective analysis of the technology. MBER
technology will become more accepted.

Decrease both capital and operational cost of MBR technology; Qptimise
design.

For people owning/operating MBRs: it helps optimising operation

For people planning to install MBR, it helps decision making.

Exchange of operational information, which leads to more efficient design,
operation and overall application of the MBR technigue.

Further research can be focused more accurately.
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Aiming to achieve:

Specific questions
answered:

Objectives:
Sharing of knowledge with target audience.
What are the lessons learned

Wwhat are the monitering tools
What are the process control tools, operational issues, etc.

Tasks set for
contractor:

Develop a global team of stakeholders.

Identify parameters, information to become available,
Definition of terminology

Preparation of a questionnaire,

Implementing of questionnaire in a website.

Contacting utilities/users for filling up questionnaires.
Follow up interviews/phone calls etc.

Quality control of delivered data.

Data analysis

Build and maintain website, 'spread the news’

Take care of confidentiality issues

Deliverables:

Completion date to
maximise benefits:

Website
Final report

24 months needed, finish early 2008

Target audience for
the output?

Which groups
should receive any
reports resulting
from this work?

Should the output
be submitted for
independent peer
review to add
authority to the
work?

End users (waterboards, water utilities), designers, researchers, students,
suppliers

GWRC members

Yes. Presentation at an international conferences
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GWRC Workshop Membrane Bioreactors

25 - 27 April 2005

RESEARCH PROPOSAL (DRAFT)

Praoject Title;

Effluent quality of MBRs

Name of Proposer B
Affiliation:

GWRC (Adriano Joss, EAWAG)

Collaborators:

Estimated Total Cost
of Research (Euro)

2005 2006 2007 Beyond Total

C 30’000

Background:

Justification:
Claims on MBRs effluent guality are often overestimated. Clear data are
reguired in terms of nutrients, micropollutants and disinfection

Consequences if
work not carried
out:

Wrong process choice due to lack of knowledge on wastewater treatment
performance by MBR connected to high costs.

Benefits to be
achieved:
- Political

- Economic
- Technical

Realistically demonstrate the capability of MBRsS to remove specific
wastewater constituents, Enable appropriate regulation (BAT).
Avoid misinvestments

Better understanding of capability of the MBR technology
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Aiming to achieve:

Specific questions
answered:

Objectives:

Overview of the current data on the following municipal MBR effluent quality
parameters: pathogens, organic and inorganic micropollutants, nutrients,
organics

Comparison to conventicnal wastewater treatment Is to be given.
Details on nutrient removal at low to very low concentration are to be
discussed as well as the pollutant fractionation,

Tasks set for
contractor:

Coliect existing published and unpublished data and identify knowledge gaps.
A comparison to conventional wastewater treatment alternatives is to be
outlined,

Deliverables:

Completion date to
maximise benefits;

Summary of relevant data tables including source references and final
statement on MBR capability.
End of 2005

Target audience for
the output?

Which groups
should receive any
reports resulting
from this work?

Should the output
be submitted for
independent peer
review to add
authority to the
work?

MBR decision makers and stakeholders

Consultants, research institutes

By a European and an American consultants
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TEWATER TREATHENT

GWRC Workshop Membrane Bioreactors

25 - 27 April 2005

RESEARCH PROPOSAL (FINAL DRAFT)

Project Title:

Scenario studies 2030: Identification of future concepts of wastewater
management with innovative MBR technologies

Name of Proposer &
Affiliation:

Eoris Lesjean {KWB)

Collaborators:

.

Estimated Total Cost

of Research {Euro)

2005 2006

120,000

2007 Totaf

120,000

Beyond

Background:

Justification:
MBR technology has almost reached maturity and the status of proven
technology. Footprint reduction, disinfected effluent and overail stable
effluent guality are among the main drivers for its current application leval.
Nevertheless, further development of the technology is still needed to expand
the potential application of MBRs. In addition, the sanitation approach is
developing towards decentralised applications with closed loops of water,
energy and nutrients recovery ("Ecosan concepts”). Novel MBR technologies
may be very appropriate for the implementation of these new concepts or to
improve the treatment performance of current MBR processes (e.g. trace
organics), such as NF-MBR, anaercbic MBR, ceramic MBR, membrane
aeration bioreactor, membrane biofilm reactor, etc.

Consequences if
work not carried
out:

Stagnation of MBR technology development.

Lack of global visibility on emerging membrane technologies for municipal
wastewater treatment.

Reduced development of alternative and decentralised sanitation concepts.

Benefits to be
achieved;
- Political

- Economic

- Technicai

Increasing sustainability of water cycle.
Contribution to UN Millennium Goeals with aiternative membrane concepts.

Develcpment of more cost effective treatment systems (for cities and
industries). Indirect benefits of water, energy and nutrients reuse.

More options for solving water problems. Creating cpticns for reuse, closing

water cycle.
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Aiming to achieve:

Specific questions
answered:

Objectives:

[dentification of new concepts applying MBR and appropriate innovative
membrane technologies.

What are the scenarios for wastewater {and water) management anticipated
in 2030 in different regions of the world? (urban/rural, climate, existing
infrastructure, developing countries etc)

How may these scenarios integrate the MBR technology, or innovative
membrane processes? (emphasis on usability of different qualities of effluent,
and/or recovery potential)

Which innovative MBR technoclogies lcok promising for the future sanitation
concepts and should concentrate world-wide efforts for further
developments?

Tasks set for
contractor:

= literature review
¢ MBR innovative concepts: performances, costs, expectations
o Alternative sanitation concepts, particulary those including
MBR systems
«  Waorkshop of creative global experts in relevant fields (e.g. practical,
scientific, material science, nanotechneclegy, anaerobic, reuse,
sociology, integrated water resource management, sanitation in
developing countries etc) to identify innovative concepts and
appropriate MBR-based technologies (secrecy agreement!)
= Prioritise concepts, select most promising for further analysis
» Desktop study on selected concepts (incl. Preliminary cost-benefit)
*  Final report

Peliverables.

Completion date to
maximise benefits:

Final report, identifying innovative concepts and technologies

12 maonths, finish early 2007

Target audience for
the output?

Which groups
should receive any
reports resulting
from this work?

Should the output
be submitted for
independent peer
review to add
authority to the
work?

GWRC members, universities, industry, vendors, NGO

GWRC

Internal review / quality management from selected experts (workshop)
Presentation at an international conference
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PRESENTATION FOLLOW UP
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Global Water Research Coalition

Workshop MBR

Varseveld, 25-27 April, 2005

e =

Goals

GWRC research agenda Dased on mambers needs

Aessarch strategy lor pricrity issues
~ Review ol existing e g
~ Workshop sbout knowiedge gaps and resesich needs
- Portiolio of ressarch projects

Tailor made project ieams with one Member as lead agent
Sharing tha resuits within the GWRC
Knowiedge iranster 1o stakeholdars by he members

——

Project Proposals

Decision Support Tool for muricipal MBA technology
choice

MBR Knowledge Base for mumigipal waslewater
reatment

Eftiuent quality

Innovative MBR in fulure concepts of the urban warter
Cycle

a9 ==

Project Proposals

Follow up

— Finalg dratts by 15 May

- Review by ail partcipants Dy 15 June
- Final proposals by 1 July

— Send o all workshop participants

~ Together with research syalegy => Board approval

- [nveniory of fomal méemoe! cammilmaents
~ Coniacts with addilional contributors: I'WA, ATV, ...

& =

.

Actions agreed

Explore the need’possibilities of a cerification and
testing body

EU consortium to deliver “set of terminclogy’
Secure link between EU consorium > GWAL with
respect to fouling & cleaning and design &
operational issues

Exchange af infarmation
~ Mamber section GWAC weosita

@ =

Follow up

Staia of the Science regon (final draft 31 May)
- 6 areas as chapters, includied fegional peLpeciives. ...)
— Final raview by parscipants by 1 July]

Workshop report (drah by 31 May)

- Process

~ Map of knowledge

~ Gaps and needs => pricrites and research sirsiegy
= Sulils of pIOWBCE (FODCESN

- Presematons gs 3ongx (pdt

~ Raview by parkcipants by 1 Julyi

Research siralegy and priority projects to Board
Invaniory of member participaton in projects
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Global Water Research Coalition

www.globalwaterresearcheoalition.net

——
e
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